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ACTIVE MATRIX SUBSTRATE AND DISPLAY
PANEL INCLUDING THE SAME

TECHNICAL FIELD

The present disclosure relates to active matrix substrates
and display panels including the same, and more particularly
relates to an active matrix substrate having a non-display
region where a signal line changes from a first wiring layer to
a second wiring layer, and a display panel including the same.

BACKGROUND ART

A liquid crystal display panel includes, for example, an
active matrix substrate and a counter substrate facing each
other, and a liquid crystal layer provided between the active
matrix substrate and the counter substrate. The liquid crystal
display panel has a display region for displaying an image,
and a non-display region defined outside the display region.

A portion of the active matrix substrate corresponding to
the display region includes a plurality of gate signal lines
extending in parallel, and a plurality of source signal lines
extending in parallel in a direction that intersects the gate
signal lines.

A plurality of signal lines, such as the gate signal lines and
the source signal lines, extend in parallel in the display region
as described above, subsequently extend side-by-side in the
non-display region, and further extend to a substrate end
portion of the non-display region, i.e., a terminal region of the
active matrix substrate protruding beyond the counter sub-
strate, so as to be connected to a drive circuit.

In order to retard corrosion of portions of the signal lines
corresponding to the terminal region, a line structure has been
proposed which includes, for example, a first wiring layer
located in the display region and made of an electrically low
resistance material, such as aluminum, a second wiring layer
located in the non-display region and made of a high melting
point material, such as tantalum or tungsten, and a connector
located in the non-display region and configured to change
the line structure from the first wiring layer to the second
wiring layer. In other words, the line structure in which the
first and second wiring layers made of different materials are
connected together has been proposed (see, e.g., PATENT
DOCUMENTS 1-3).

Specifically, PATENT DOCUMENT 1 describes an elec-
tronic device including a first electrode, a second electrode
intersecting the first electrode, a first routing line connected to
the first electrode, and a second routing line connected to the
second electrode, wherein a lower voltage than the voltage
applied to the first routing line is applied to the second routing
line, the second routing line includes a metal film, and the first
routing line does not include a metal film.

CITATION LIST
Patent Documents

PATENT DOCUMENT 1: Japanese Unexamined Patent Pub-
lication No. 2008-46188

PATENT DOCUMENT 2: Japanese Unexamined Patent Pub-
lication No. H10-339880

PATENT DOCUMENT 3: International Patent Publication
No. WO02/065434

SUMMARY OF THE INVENTION
Technical Problem

Incidentally, an active matrix substrate includes a plurality
of signal lines extending to a terminal region of the active
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material substrate as described above so as to be concentrated
toward a portion of the terminal region including a drive
circuit, and portions of the signal lines in the non-display
region are, therefore, concentrated such that a portion of a
group of the signal lines in the non-display region has a
generally fan-shaped outline. However, if the non-display
region includes connectors provided somewhere along the
signal lines and configured to change the signal lines from
first wiring layers to second wiring layers as described above,
the degree of concentration of the signal lines is physically
reduced, and consequently, the area where the signal lines are
routed increases.

It is therefore an object of the present disclosure to reduce
the increase in the area where a plurality of signal lines are
routed even when a non-display region includes connectors
provided somewhere along the signal lines and configured to
change the signal lines from first wiring layers to second
wiring layers.

Solution to the Problem

In order to achieve the object, according to the present
disclosure, in a non-display region, the pitch between each
adjacent pair of a plurality of second connectors provided in
aone-to-one correspondence with a plurality of second signal
lines is greater than the pitch between each adjacent pair of a
plurality of first connectors provided in a one-to-one corre-
spondence with a plurality of first signal lines.

Specifically, an active matrix substrate according to the
present disclosure includes: a rectangular display region con-
figured to display an image; a non-display region defined
around the rectangular display region; a mounting region
defined in a portion of the non-display region along an edge of
the display region; a plurality of first signal lines provided in
the non-display region to extend in parallel from near the
display region in a direction orthogonal to the edge of the
display region while being spaced at a pitch P, then extend in
parallel in a direction that intersects the edge of the display
region at an angle 0,, and further extend to the mounting
region in parallel in the direction orthogonal to the edge of the
display region while being spaced at a pitch P,; a plurality of
second signal lines provided in the non-display region to be
adjacent to the first signal lines in a reference direction of the
angle 0, extend in parallel from near the display region in the
direction orthogonal to the edge of the display region while
being spaced at the pitch P,, then extend in parallel in the
direction that intersects the edge of the display region at the
angle 0,, subsequently extend in parallel in the direction
orthogonal to the edge of'the display region, further extend in
parallel in a direction that intersects the edge of the display
region at an angle 08,, and finally extend to the mounting
region in parallel in the direction orthogonal to the edge of the
display region while being spaced at the pitch P,; a plurality
of first wiring layers forming portions of the first and second
signal lines near the display region; a plurality of second
wiring layers that form portions of the first and second signal
lines near the mounting region, are formed in a layer different
from a layer including the first wiring layers, and are made of
a material different from that of the first wiring layers; a
plurality of first connectors that are provided in the non-
display regionsoasto bespaced ata pitch P, and are included
in the first signal lines to connect corresponding ones of the
first wiring layers to corresponding ones of the second wiring
layers along the direction orthogonal to the edge of the dis-
play region; and a plurality of second connectors that are
provided in the non-display region to be adjacent to the first
connectors and so as to be spaced at a pitch P, greater than the
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pitch P_, and are included in the second signal lines to connect
corresponding ones of the first wiring layers to corresponding
ones of the second wiring layers along the direction orthogo-
nal to the edge of the display region.

With the configuration, portions of the first signal lines in
the non-display region extend in parallel from near the dis-
play region in the direction orthogonal to the edge of the
display region while being spaced at the pitch P, then extend
in parallel in the direction that intersects the edge of the
display region at the angle 0,, and further extend to the
mounting region in parallel in the direction orthogonal to the
edge of the display region while being spaced at the pitch P,.
Portions of the second signal lines in the non-display region
are adjacent to the first signal lines in the reference direction
of'the angle 6, extend in parallel from near the display region
in the direction orthogonal to the edge of the display region
while being spaced at the pitch P, then extend in parallel in
the direction that intersects the edge of the display region at
the angle 6, subsequently extend in parallel in the direction
orthogonal to the edge of the display region, further extend in
parallel in the direction that intersects the edge of the display
region at the angle 0,, and finally extend to the mounting
region in parallel in the direction orthogonal to the edge of the
display region while being spaced at the pitch P,. The first
connectors are each included in a corresponding one of the
first signal lines to connect the first wiring layers to the second
wiring layers along the direction orthogonal to the edge of the
display region. The second connectors are each included in a
corresponding one of the second signal lines to connect the
first wiring layers to the second wiring layers along the direc-
tion orthogonal to the edge of the display region. The pitch P,
between each adjacent pair of the second connectors is greater
than the pitch P_ between each adjacent pair of the first con-
nectors. Here, increasing the pitch P, can reduce the angle 6,
based on the relational expression sin 6,=P_/P , where P, (see
FIG. 5) represents the pitch between each adjacent pair of
portions of the side-by-side second signal lines extending in
parallel in the direction that intersects the edge of the display
region at the angle 6,. Since the pitch P, between each adja-
cent pair of the second connectors is, therefore, greater than
the pitch P, between each adjacent pair of the first connectors,
this can increase the degree of concentration of the second
signal lines. This can reduce the increase in area where a
group including the first and second signal lines is routed, and
therefore, even if the non-display region includes the connec-
tors provided somewhere along the signal lines to change the
signal lines from the first wiring layers to the second wiring
layers, the increase in area where the signal lines are routed
can be reduced.

Here, as illustrated in FIGS. 4-11, the pitch denote the
distance between the center lines of each adjacent pair of
structural units. While the pitch principally denote the dis-
tance between the center lines of each adjacent pair of struc-
tural units, a location in each of adjacent two of structural
units (e.g., one ends of the structural units) may be previously
determined, and the pitch may be the distance between the
predetermined locations.

The pitch P, may be equal to the pitch P, and the pitch P,
may be equal to the pitch P..

With the configuration, the pitch P, between each adjacent
pair of portions of the first and second signal lines near the
display region is equal to the pitch P, between each adjacent
pair of the second connectors, and the pitch P, between each
adjacent pair of portions of the first and second signal lines
near the mounting region is equal to the pitch P_ between each
adjacent pair of the first connectors. Thus, the angles 6, and 6,
formed by the direction of extension of the second signal lines
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are equal to each other, and the second signal lines each
extend in a substantially straight line. This can efficiently
reduce the increase in area where the second signal lines are
routed.

One of'the first connectors closest to the second connectors
and one of the second connectors closest to the first connec-
tors may be spaced at a pitch P,, and the pitch P, may be
greater than the pitch P_ and less than the pitch P ,.

With the configuration, one of the first connectors closest to
the second connectors and one of the second connectors clos-
est to the first connectors are spaced at the pitch P_, and the
pitch P, is greater than the pitch P, and less than the pitch P,,.
This can provide a buffer region between a group of the first
connectors spaced at the pitch P_ and a group of the second
connectors spaced at the pitch P,. The buffer region is con-
figured to eliminate layout disadvantages arising from the
difference between the pitches.

The first and second connectors may be arranged along the
edge of the display region.

With the configuration, the first and second connectors are
arranged along the edge of the display region. This allows a
member having a simple shape to protect the first and second
connectors.

The display region may include a plurality of source signal
lines extending in parallel in the direction orthogonal to the
edge ofthe display region, and the first and second signal lines
may be a plurality of video signal lines each connected
through a switch circuit to some of the source signal lines that
are equal in number to colors forming a pixel.

With the configuration, the first and second signal lines are
the video signal lines each connected through a switch circuit
to some of the source signal lines provided in the display
region to extend in parallel. The some of the source signal
lines are equal in number to colors forming a pixel. Such a
configuration allows the number of the video signal lines to be
less than that of the source signal lines. This can increase the
degree of concentration of the video signal lines, and thus,
reduce the increase in area where the video signal lines are
routed.

The display region may include a plurality of display signal
lines extending in parallel in the direction orthogonal to the
edge ofthe display region, and the first and second signal lines
may be each connected to a corresponding one of the display
signal lines.

With the configuration, the first and second signal lines are
each connected to a corresponding one of the display signal
lines provided in the display region to extend in parallel.
Thus, for example, an active matrix substrate in which a drive
circuit mounted on the mounting region is connected to the
display signal lines is specifically formed.

The display signal lines may be source signal lines.

With the configuration, the display signal lines are the
source signal lines. Thus, for example, an active matrix sub-
strate in which a drive circuit mounted on the mounting region
is connected to the source signal lines is specifically formed.

The mounting region may be defined in a portion of the
non-display region corresponding to a central portion of the
edge of the display region, the first signal lines may be sym-
metrically placed with respect to an axis orthogonal to the
central portion of the edge of the display region, and the
second signal lines may be located laterally outward of the
first signal lines.

With the configuration, the first and second signal lines are
symmetrically placed with respect to the axis orthogonal to
the central portion of the edge of the display region. This
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reduces the length of each of the first and second signal lines,
and reduces the increase in area where the first and second
signal lines are routed.

A display panel according to the present disclosure
includes: the active matrix substrate of any one of claims 1-8;
a counter substrate facing the active matrix substrate; and a
display medium layer provided between the active matrix
substrate and the counter substrate.

With the configuration, the display panel includes the
active matrix substrate and the counter substrate that face
each other, and the display medium layer provided between
the substrates. Thus, evenif, in the display panel including the
active matrix substrate, the non-display region includes the
connectors provided somewhere along the signal lines to
change the signal lines from the first wiring layers to the
second wiring layers, the increase in area where the signal
lines are routed can be reduced.

The display medium layer may be a liquid crystal layer.

With the configuration, the display medium layer is the
liquid crystal layer. Thus, a liquid crystal display panel is
specifically formed as the display panel.

A frame-shaped sealing material may be provided between
the active matrix substrate and the counter substrate to
enclose the liquid crystal layer, and the first and second con-
nectors may overlap a side of the sealing material.

With the configuration, the first and second connectors
overlap the side of the sealing material between the active
matrix substrate and the counter substrate. This allows the
side of the sealing material to protect the first and second
connectors.

Advantages of the Invention

According to the present disclosure, in a non-display
region, the pitch between each adjacent pair of a plurality of
second connectors each included in a corresponding one of a
plurality of second signal lines is greater than the pitch
between each adjacent pair of a plurality of first connectors
each included in a corresponding one of a plurality of first
signal lines. Thus, even if the non-display region includes the
connectors provided somewhere along the signal lines to
change the signal lines from first wiring layers to second
wiring layers, the increase in area where the signal lines are
routed can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.11is aperspective view ofa liquid crystal display panel
according to a first embodiment.

FIG. 2 is a cross-sectional view of the liquid crystal display
panel taken along the line II-II in FIG. 1.

FIG. 3 is a plan view of an active matrix substrate forming
a portion of the liquid crystal display panel according to the
first embodiment.

FIG. 4 is an enlarged plan view of a region Ra in FIG. 3.

FIG. 5 is an enlarged plan view of a region Rb in FIG. 3.

FIG. 6 is an enlarged plan view of a region Rc in FIG. 3.

FIG. 7 is an enlarged plan view of a region Rd in FIG. 3.

FIG. 8 is an enlarged plan view of a region Re in FIG. 3.

FIG. 9 is an enlarged plan view of a region Rf in FIG. 3.

FIG. 10 is an enlarged plan view of a region Rg in FIG. 3.

FIG. 11 is a plan view of an active matrix substrate accord-
ing to a second embodiment.

FIG. 12 is a plan view of an active matrix substrate accord-
ing to a third embodiment.

FIG. 13 is a plan view of an active matrix substrate accord-
ing to a fourth embodiment.
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FIG. 14 is a plan view of an active matrix substrate accord-
ing to a fifth embodiment.

FIG. 15 is a plan view of an active matrix substrate accord-
ing to a comparative example.

FIG. 16 is an enlarged plan view of a region Rx in FIG. 15.

FIG. 17 is an enlarged plan view of a region Ry in FIG. 15.

DESCRIPTION OF EMBODIMENTS

Embodiments of the present disclosure will be described
hereinafter in detail with reference to the drawings. The
present disclosure is not limited to the following embodi-
ments.

First Embodiment of the Disclosure

FIGS. 1-10 illustrate an active matrix substrate according
to a first embodiment of the present disclosure and a display
panel including the same according to the first embodiment.
Specifically, FIG. 1 is a perspective view of a liquid crystal
display panel 50 according to this embodiment, and FIG. 2 is
a cross-sectional view of the liquid crystal display panel 50
taken along the line II-11 in FIG. 1. FIG. 3 is a plan view of an
active matrix substrate 20a forming a portion of the liquid
crystal display panel 50. Furthermore, FIGS. 4,5,6,7, 8,9,
and 10 are enlarged plan views of regions Ra, Rb, Rc, Rd, Re,
Rf, and Rg, respectively, in FIG. 3.

As illustrated in FIGS. 1 and 2, the liquid crystal display
panel 50 includes the active matrix substrate 20a and a
counter substrate 30 facing each other, a liquid crystal layer
40 that is a display medium layer provided between the active
matrix substrate 20a and the counter substrate 30, and a
sealing material 45 bonding the active matrix substrate 20a
and the counter substrate 30 together and having a frame
shape for enclosing the liquid crystal layer 40 between the
active matrix substrate 20a and the counter substrate 30.

As illustrated in FIG. 1, in each of the active matrix sub-
strate 20a, the counter substrate 30, and the liquid crystal
display panel 50, a rectangular display region D for display-
ing an image is defined inside the sealing material 45 (see
FIG. 2), and a frame-shaped non-display region N is defined
around the display region D. Furthermore, as illustrated in
FIGS. 1 and 3, a mounting region M for mounting, e.g., an
integrated circuit (IC) chip as a drive circuit is defined in the
non-display region N (terminal region) of the active matrix
substrate 20a protruding beyond the counter substrate 30 to
correspond to a central portion of an edge of the display
region D (the lower edge Su in FIG. 3).

As illustrated in FIGS. 2 and 3, the active matrix substrate
20¢ includes a transparent substrate 10, such as a glass sub-
strate, a plurality of gate signal lines 14¢, an interlayer insu-
lating film 15 covering the gate signal lines 14c¢, a plurality of
source signal lines 16a, a plurality of thin film transistors
(TFTs: not shown), a protective insulating film 17 covering
the TFTs, a plurality of pixel electrodes 18a, and an alignment
film (not shown) covering the pixel electrodes 18a. The gate
signal lines 14¢ are provided on a region of the transparent
substrate 10 corresponding to the display region D with an
underlying film 11 and a gate insulating film 13 interposed
between the gate signal lines 14¢ and the transparent substrate
10, and extend in parallel in a horizontal direction in FIG. 3.
The source signal lines 16a are provided on a region of the
interlayer insulating film 15 corresponding to the display
region D, and extend in parallel in a direction orthogonal to
the gate signal lines 14¢ (in a vertical direction in FIG. 3). The
TFTs are each provided for an intersection of one of the gate
signal lines 14¢ and one of the source signal lines 16a, and in
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other words, are in a one-to-one correspondence with sub-
pixels serving as minimum units of an image. The pixel
electrodes 18a are provided in a matrix on a region of the
protective insulating film 17 corresponding to the display
region D, and are each connected to a corresponding one of
the TFTs.

The TFTs being in a one-to-one correspondence with the
subpixels each include, for example, an island-like semicon-
ductor layer on the underlying film 11, a portion of the gate
insulating film 13 over the semiconductor layer, a gate elec-
trode provided on the gate insulating film 13 to overlap a
portion of the semiconductor layer, a portion of the interlayer
insulating film 15 covering the gate electrode, and source and
drain electrodes provided on the interlayer insulating film 15
s0 as to be spaced apart from each other. The TFTs each have
the same configuration as each of TFTs 5a of a switch circuit
described below. Here, the gate electrode is a portion of each
of'the gate signal lines 14¢ corresponding to a corresponding
one of the sub-pixels or a portion of each of the gate signal
lines 14¢ protruding laterally and corresponding to a corre-
sponding one of the sub-pixels. The source electrode is a
portion of each of the source signal lines 16a corresponding to
a corresponding one of the sub-pixels or a portion of each of
the source signal lines 16a protruding laterally and corre-
sponding to a corresponding one of the pub-pixels. Further-
more, the drain electrode is connected through a contact hole
formed in the protective insulating film 17 to a corresponding
one of the pixel electrodes 18a.

As illustrated in FIG. 3, both ends of each of the gate signal
lines 14c¢ are each connected to a corresponding one of row
control circuits 5bg. Here, as illustrated in FIG. 3, the row
control circuits 5bg are monolithically formed along the left
and right edges of the display region D in this figure. Further-
more, as illustrated in FIG. 3, associated circuits 5¢, such as a
level shifter circuit, a buffer circuit, and a protection circuit,
are provided near each of the row control circuits 5bg. Driv-
ing the gate signal lines 14¢ from both ends thereof can reduce
crosstalk (shadowing) that may be caused by increasing the
resolution of a pixel array.

Asillustrated in FIG. 3, one end of each of the source signal
lines 16a is connected to a column control circuit 5ag. Here,
as illustrated in FIG. 3, the column control circuit Sag is
monolithically formed along the lower edge of the display
region D in this figure. Furthermore, as illustrated in FIG. 3,
other associated circuits 5S¢, such as a level shifter circuit, a
buffer circuit, and a protection circuit, are provided near the
column control circuit 5ag.

As illustrated in FIG. 2, a TFT 5a located in each of unit
circuit regions Sau (see FIG. 4) forming the column control
circuit Sag includes an island-like semiconductor layer 12a
on the underlying film 11, a portion of the gate insulating film
13 covering the semiconductor layer 12a, a gate electrode 14a
provided on the gate insulating film 13 to overlap a portion of
the semiconductor layer 124, a portion of the interlayer insu-
lating film 15 covering the gate electrode 144, and a source
electrode (16a) and a drain electrode (165) provided on the
interlayer insulating film 15 so as to be spaced apart from each
other. The TFT 5a is a switch circuit (RGB switch circuit)
configured to sort signals transferred through a single video
signal line 19 described below into, e.g., three of the source
signal lines 16a based on the number of colors of a corre-
sponding one of pixels (e.g., three colors such as RGB).

The semiconductor layer 12a includes a channel region
(not shown) overlapping the gate electrode 14a, and source
and drain regions (not shown) spaced apart from each other
with the channel region interposed therebetween. A lightly
doped drain (LDD) region may be provided between the
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channel region ofthe semiconductor layer 12¢ and each of the
source and drain regions thereof.

As illustrated in FIG. 2, the source electrode (16a) of the
TFT Sa is connected to the source region of the semiconduc-
tor layer 124 through a contact hole 154 formed in a stack of
the gate insulating film 13 and the interlayer insulating film
15, and forms a portion of a corresponding one of the source
signal lines 16a.

As illustrated in FIG. 2, the drain electrode (165) of the
TFT 5a is connected to the drain region of the semiconductor
layer 12a through a contact hole 155 formed in the stack of the
gate insulating film 13 and the interlayer insulating film 15,
and forms a portion of a first wiring layer 165 of a correspond-
ing one of a plurality of video signal lines 19 described below.

As illustrated in FIG. 2, the non-display region N of the
active matrix substrate 20a includes the video signal lines 19
each including the first wiring layer 165 near the display
region D, and a second wiring layer 145 near the mounting
region M. The second wiring layer 145 is connected to the
first wiring layer 165 through a connector 6 that is a contact
hole 15¢ formed in the stack of the gate insulating film 13 and
the interlayer insulating film 15. Here, as illustrated in FIGS.
1 and 2, a source conductive layer 16¢ and a transparent
conductive layer 185 are stacked on an end portion of the
second wiring layer 145 in the mounting region M to form a
terminal portion 7.

As illustrated in FIG. 3, the video signal lines 19 include a
plurality of first signal lines 194, and a plurality of second
signal lines 194. The first signal lines 19a are located
inwardly of the second signal lines 195, and the second signal
lines 195 are located laterally outward of the first signal lines
19a. Here, as illustrated in FIG. 7, the second signal lines 196
located to the left in FIG. 3 are adjacent to the first signal lines
194 in a reference direction Ca of an angle 6,. The second
signal lines 194 located to the right in FIG. 3 are adjacent to
the first signal lines 194 in a reference direction Cb (see FIG.
8) of the angle 6,,.

As illustrated in FIGS. 3 and 7-10, the first signal lines 19a
are symmetrically placed preferably with respect to an axis A
orthogonal to the central portion of the edge of the display
region D (the lower edge Su in FIG. 3) to extend in parallel
from near the display region D in a direction orthogonal to the
edge of the display region D (the lower edge Su in FIG. 3)
while being spaced at pitches P, then extend in parallel in a
direction that intersects the edge of the display region D (the
lower edge Su in FIG. 3) at the angle 0 ,, and further extend to
the mounting region M in parallel in the direction orthogonal
to the edge of the display region D (the lower edge Su in FIG.
3) while being spaced at pitches P,.

As illustrated in FIGS. 7 and 9, the first signal lines 19a
include a plurality of first connectors 6a spaced at pitches P,
and each connecting the first wiring layer 165 to the second
wiring layer 145 along a direction orthogonal to the edge of
the display region D (the lower edge Su in FIG. 3). The first
connectors 6a are in a one-to-one correspondence with the
first signal lines 19a. Here, the pitch P, between each adjacent
pair of the first connectors 6a is equal to the pitch P, between
each adjacent pair of portions of the first signal lines 194 in
the mounting region M or between each adjacent pair of
portions of the second signal lines 195 in the mounting region
M.

As illustrated in FIGS. 3-7, the second signal lines 196
extend in parallel from near the display region D in the direc-
tion orthogonal to the edge of the display region D (the lower
edge Su in FIG. 3) while being spaced at the pitches P, then
extend in parallel in the direction that intersects the edge of
the display region D (the lower edge Su in FIG. 3) at the angle
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0, subsequently extend in parallel in the direction orthogonal
to the edge of the display region D (the lower edge Su in FIG.
3), further extend in parallel in the direction that intersects the
the edge of the display region D (the lower edge Su in FIG. 3)
atan angle 0,, and finally extend to the mounting region M in
parallel in the direction orthogonal to the edge of the display
region D (the lower edge Su in FIG. 3) while being spaced at
the pitches P,.

As illustrated in FIGS. 5 and 7, the second signal lines 196
include a plurality of second connectors 65 spaced at pitches
P, greater than the pitches P, and each connecting the first
wiring layer 165 to the second wiring layer 145 along the
direction orthogonal to the edge of the display region D (the
lower edge Su in FIG. 3). The second connectors 65 are in a
one-to-one correspondence with the second signal lines 195.
Here, the pitch P, between each adjacent pair of the second
connectors 65 is equal to the pitch P, between each adjacent
pair of portions of the first signal lines 194 near the display
region D or between each adjacent pair of portions of the
second signal lines 1956 near the display region D.

One of the first connectors 6a closest to the second con-
nectors 6b and one of the second connectors 65 closest to the
first connectors 6a are spaced at a pitch P, as illustrated in
FIG. 7. Here, the pitch P, is greater than the pitch P_ and less
than the pitch P,,.

Specifically, a feature of this embodiment is that, as
described above, while the first and second signal lines 19a
and 195 functioning as the video signal lines 19 have the same
function, the pitch P, between each adjacent pair of the first
connectors 6a of the first signal lines 19a corresponding to
some of the video signal lines 19, the pitch P, between each
adjacent pair of the second connectors 65 of the second signal
lines 194 corresponding to the other ones of the video signal
lines 19, and the pitch P, between the one of the first connec-
tors 6a closest to the second connectors 65 and the one of the
second connectors 6b closest to the first connectors 6a are
designed to be intentionally different from one another.

Asillustrated in FIGS. 2, 3, 5, 7, and 9, the first and second
connectors 6a and 6b are arranged along the edge of the
display region D (the lower edge Su in FIG. 3) to overlap a
side of the sealing material 45.

While, in this embodiment, a line structure in which the
video signal lines 19 are symmetrically placed with respect to
the axis A is exemplified, the video signal lines 19 may be
asymmetrically placed with respect to the axis A. Specifi-
cally, for example, when the mounting region M is shifted
from the central portion of the edge of the display region D
(the lower edge Su in FIG. 3), the outline of a group of the
video signal lines 19 is asymmetrical with respect to the axis
A. Portions of the video signal lines 19 extending to the
mounting region M in parallel while being spaced at the
pitches P, do not need to be in the form of simply straight
parallel lines. For example, the portions of the video signal
lines 19 may extend to the mounting region M in parallel
(side-by-side) while gently meandering in order to allow the
video signal lines 19 to have the same length. Specifically, the
term “parallel lines” and the term “extending in parallel”
herein are conceptually different from each other, and the
scope of the term “extending in parallel” is broader than that
of the term “parallel lines.”

The counter substrate 30 includes, for example, a transpar-
ent substrate (not shown), such as a glass substrate, a black
matrix (not shown) provided in a grid pattern on the transpar-
ent substrate, a plurality of color layers (not shown) including
red, green, and blue layers provided between the grid lines of
the black matrix, a common electrode (not shown) covering
the black matrix and the color layers, a plurality of columnar
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photo spacers (not shown) provided on the common elec-
trode, and an alignment film (not shown) covering the com-
mon electrode and the photo spacers.

The liquid crystal layer 40 is made of, for example, a
nematic liquid crystal material having electro-optic charac-
teristics.

In each of the sub-pixels of the liquid crystal display panel
50 having the above configuration, when a gate signal is
transferred from the row control circuit 5bg through a corre-
sponding one of the gate signal lines 14¢ to the gate electrode,
and the TFT is turned on, a source signal is transferred from
the IC chip mounted on the mounting region M through a
corresponding one of the video signal lines 19, the column
control circuit 5ag, and a corresponding one of the source
signal lines 164 to the source electrode to write a predeter-
mined charge into the pixel electrode 184 through the semi-
conductor layer and the drain electrode. In this case, in the
liquid crystal display panel 50, a potential difference occurs
between the pixel electrode 18a of the active matrix substrate
20a and the common electrode of the counter substrate 30,
and a predetermined voltage is applied to the liquid crystal
layer 40. In the liquid crystal display panel 50, the light
transmittance of'the liquid crystal layer 40 is adjusted in each
sub-pixel by changing the magnitude of the voltage applied to
the liquid crystal layer 40 and thereby changing the oriented
state of the liquid crystal layer 40, and an image is, therefore,
displayed on the display region D.

Next, amethod for fabricating a liquid crystal display panel
50 according to this embodiment will be described. Here, the
method for fabricating a liquid crystal display panel 50
according to this embodiment includes the steps of fabricat-
ing an active matrix substrate, fabricating a counter substrate,
and injecting liquid crystal.

<Active Matrix Substrate Fabrication Step>

First, for example, a silicon nitride film, a silicon oxide
film, or a stack of them is deposited to a thickness of about 50
nm by, e.g., chemical vapor deposition (CVD) on a transpar-
ent substrate 10, such as a glass substrate, to form an under-
lying film 11.

Subsequently, an intrinsic amorphous silicon film is depos-
ited to a thickness of about 50 nm by, e.g., CVD on the entire
surface of the substrate including the underlying film 11, and
then, is polycrystallized by annealing, such as applying laser
beams to the intrinsic amorphous silicon film, to form a
polysilicon film. The polysilicon film is subjected to photo-
lithography, and is etched, and then, a used resist is removed,
thereby forming, for example, a semiconductor layer 12a.

Thereafter, for example, a silicon nitride film, a silicon
oxide film, or a stack of them is deposited to a thickness of
about 100 nm by, e.g., CVD on the entire surface of the
substrate including, e.g., the semiconductor layer 12a,
thereby forming a gate insulating film 13.

Furthermore, a metal film, such as a tungsten film, is depos-
ited to a thickness of about 300 nm by, e.g., sputtering on the
entire surface of the substrate including the gate insulating
film 13. Then, the metal film is subjected to photolithography,
and is etched, and a used resist is removed, thereby forming,
for example, gate signal lines 14¢, gate electrodes 14a, and
second wiring layers 1454.

Subsequently, impurities, such as phosphorus, are
implanted into, for example, the semiconductor layer 12a of
the substrate including, e.g., the gate signal lines 14¢, using
the gate electrodes 14a as masks, to form a channel region, a
source region, and a drain region in, e.g., the semiconductor
layer 12a.

Furthermore, an inorganic insulating film, such as a silicon
nitride film, a silicon oxide film, or a stack of them, is depos-
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ited to a thickness of about 700 nm by, e.g., CVD on the entire
surface of the substrate including the semiconductor layer
12a having the channel region, the source region, and the
drain region. Then, the inorganic insulating film and the gate
insulating film 13 under the inorganic insulating film are
subjected to photolithography, and are etched, and a used
resist is removed, thereby forming an interlayer insulating
film 15 having contact holes 154, 155, and 15¢.

Then, a metal film, such as an aluminum film, is deposited
to athickness ofabout 350 nm by, e.g., sputtering on the entire
surface of the substrate including the interlayer insulating
film 15. Thereafter, the metal film is subjected to photolithog-
raphy, and is etched, and a used resist is removed, thereby
forming, for example, source signal lines (source electrodes)
16q, first wiring layers (drain electrodes) 165, and source
conductive layers 16¢. As a result, TFTs 5a and a column
control circuit Sag including the same are formed. At this
time, TFTs placed in a one-to-one correspondence with pixels
and row control circuits 5bg are also simultaneously formed.

Furthermore, a photosensitive acrylic resin film is applied
in a thickness of about 2 um by, e.g., spin coating or slit
coating onto the entire surface of the substrate including, e.g.,
the source signal lines 16a. Subsequently, the applied film is
prebaked, exposed to light, developed, and postbaked,
thereby forming a protective insulating film 17 having contact
holes.

Then, a transparent conductive film, such as an indium tin
oxide (ITO) film, is deposited to a thickness of about 100 nm
by, e.g., sputtering on the entire surface of the substrate
including the protective insulating film 17. Thereafter, the
transparent conductive film is subjected to photolithography,
and is etched, and a used resist is removed, thereby forming
pixel electrodes 18a and transparent conductive layers 185.

Finally, the entire surface of the substrate including, e.g.,
the pixel electrodes 18« is coated with a polyimide resin film
by, e.g., spin coating, slit coating, or printing, and then is
subjected to baking and rubbing, thereby forming an align-
ment film.

In the foregoing manner, an active matrix substrate 20a of
this embodiment can be fabricated.

<Counter Substrate Fabrication Step>

First, the entire surface of a transparent substrate, such as a
glass substrate, is coated with a black-colored photosensitive
resin by, e.g., spin coating or slit coating, and then is exposed
to light and developed, thereby forming a black matrix with a
thickness of about 1 um.

Subsequently, the entire surface of the substrate including
the black matrix is coated with a red-, green-, or blue-colored
photosensitive resin by, e.g., spin coating or slit coating, and
then is exposed to light and developed, thereby forming a
colored film of a selected color (e.g., a red film) with a
thickness of about 1-3 um. Similar processes are repeatedly
performed for the other two colors, thereby forming colored
films of the other two colors (e.g., a green film and a blue film)
each with a thickness of about 1-3 um.

Then, a transparent conductive film, such as an ITO film,
for example, is deposited to a thickness of about 100 nm, by
sputtering with a mask, on the entire surface of the substrate
including the colored films, thereby forming a common elec-
trode.

Then, a photosensitive acrylic resin film is applied in a
thickness of about 4 um onto the entire surface of the substrate
including the common electrode by, e.g., spin coating or slit
coating, and then, the applied film is prebaked, exposed to
light, developed, and postbaked, thereby forming photo spac-
ers.
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Finally, a polyimide resin film is applied by, e.g., spin
coating, slit coating, or printing onto the entire surface of the
substrate including the photo spacers, and then is subjected to
baking and rubbing, thereby forming an alignment film.

In the foregoing manner, a counter substrate 30 of this
embodiment can be fabricated.

<Liquid Crystal Injection Step>

First, for example, a sealing material 45 of, e.g., an ultra-
violet (UV)/thermosetting resin is printed in a frame shape on
the surface of the counter substrate 30 fabricated in the
counter substrate fabrication step, and then a liquid crystal
material (40) is dropped inside the frame of the sealing mate-
rial 45.

Subsequently, the counter substrate 30 on which the liquid
crystal material (40) has been dropped and the active matrix
substrate 20a fabricated in the active matrix substrate fabri-
cation step are bonded together under a reduced pressure to
form a bonded assembly. This bonded assembly is then
exposed to the air under an atmospheric pressure, thereby
pressurizing the front and back surfaces of the bonded assem-
bly.

Furthermore, the sealing material 45 enclosed in the
bonded assembly is irradiated with UV light, and then the
bonded assembly is heated, thereby curing the sealing mate-
rial 45.

Finally, the bonded assembly enclosing the cured sealing
material is cut by dicing, for example, and unwanted portions
thereof are removed.

Inthe foregoing manner, a liquid crystal display panel 50 of
this embodiment can be fabricated.

Next, the configurations of a plurality of second signal
lines 195 according to an example of this embodiment will be
specifically described. The characters 8, 8,, 6,, and 8, used
herein and indicating angles or directions are each defined as
an angle greater than 0° and less than 90°, which is clear from
the line structure.

When the line width of a first wiring layer 165 of each of the
second signal lines 195 is 4 um, and the distance between
each adjacent pair of the first wiring layers 165 is 4 pm, the
pitch P,(see F1G. 4) between each adjacent pair of portions of
the second signal lines 194 (the first wiring layers 165)
extending in a direction inclined at the angle 0, is 8 um. Thus,
when the pitch P, is 75 um, the angle 6, is about 6.1° based on
the relational expression sin 6,=P /P ,. Assuming that the first
and second wiring layers 165 and 145 are formed by photo-
lithography using light-exposure apparatuses having substan-
tially the same resolution, the pitch P, (see FIG. 5) between
each adjacent pair of the second signal lines 195 (the second
wiring layers 145) extending in a direction inclined at the
angle 8, is 8 um, which is equal to the pitch P, Furthermore,
since the pitch P,, is equal to the pitch P, the angle 8, is also
about 6.1° based on the relational expression sin 6,=P,/P,,.
Thus, since, in the active matrix substrate 20a of the example,
the angle 0, is equal to the angle 0,, the second signal lines
195 can be considered as substantially straight lines, and thus,
an ending point of the outermost one of the second signal lines
195 is located relatively inwardly.

When the locations of a display region D and a mounting
region M are flexibly limited, and ending points of the second
signal lines 195 do not need to be located relatively inwardly,
it is preferable that the second signal lines 195 correspond to
video signal lines having the line structure of this embodi-
ment, and that the angle 0, is greater than the angle 0 ,. In this
case, the pitch P, can be greater than the pitch P; and thus, the
line width of each of the second wiring layers can be greater
than that of each of the first wiring layers. As such, the line
width of each of the second wiring layers is increased to
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thereby reduce the increase in interconnect resistance of each
of the second wiring layers, and a wiring material having
good anti-corrosion properties and a high sheet resistance can
be used as a material of the second wiring layers. As a result,
the degree of wiring design flexibility can be improved.

Next, the configurations of a plurality of video signal lines
119 according to a comparative example of this embodiment
will be specifically described. Here, FIG. 15 is a plan view of
an active matrix substrate 120 of the comparative example.
FIGS. 16 and 17 are enlarged plan views of regions Rx and Ry
in FIG. 15.

A non-display region N of the active matrix substrate 120
outside a display region D thereof includes a plurality of
video signal lines 119 as illustrated in FIG. 15.

Asillustrated in FIGS. 15-17, the video signal lines 119 are
symmetrically placed with respect to an axis A orthogonal to
a central portion of an edge of the display region D (the lower
edge Suin FIG. 15) to extend in parallel from near the display
region D in a direction orthogonal to the edge of the display
region D (the lower edge Su in F1G. 15) while being spaced at
pitches P, then extend in parallel in a direction that intersects
the edge of the display region D (the lower edge Suin FIG. 15)
atan angle 0., subsequently extend in parallel in the direction
orthogonal to the edge of the display region D (the lower edge
Su in FIG. 15), further extend in parallel in the direction that
intersects the edge of'the display region D (the lower edge Su
in FIG. 15) at an angle 0, and finally extend to a mounting
region M in parallel in the direction orthogonal to the edge of
the display region D (the lower edge Su in FIG. 15) while
being spaced at pitches P, (not shown).

As illustrated in FI1G. 17, the video signal lines 119 include
a plurality of connectors 106 spaced at pitches P, and each
connecting a first wiring layer 116 to a second wiring layer
114 along the direction orthogonal to the edge of the display
region D (the lower edge Su in FIG. 15). The connectors 106
are in a one-to-one correspondence with the video signal lines
119. Here, the pitch P, between each adjacent pair of the
connectors 106 is greater than the pitch P, between each
adjacent pair of portions of the video signal lines 119 in the
mounting region M and less than the pitch P, between each
adjacent pair of portions of the video signal lines 119 near the
display region D.

Here, when the line width of the first wiring layer 116 of
each of the video signal lines 119 is 4 pm, and the distance
between each adjacent pair of the first wiring layers 116 is 4
um, the pitch P, between each adjacent pair of the video signal
lines 119 (the first wiring layers 116) extending in a direction
inclined at the angle 6 is 8 um. Thus, when the pitch P, is 75
um, the angle 0 is about 6.1° based on the relational expres-
sion sin 8,=P_/P,. Assuming that the first and second wiring
layers 116 and 114 are formed by photolithography using
light-exposure apparatuses having substantially the same
resolution, the pitch P, between each adjacent pair of the
video signal lines 119 (the second wiring layers 114) extend-
ing in a direction inclined at the angle 6, is 8 um, which is
equal to the pitch P_. Furthermore, assuming that the pitch P,
is 60 pm, the angle 6, is about 7.7° based on the relational
expression sin 6,=P /P,. Thus, since, in the active matrix
substrate 120 of the comparative example, the video signal
lines 119 do not form straight lines, an ending point of the
outermost one of the video signal lines 119 is located rela-
tively outward.

As described above, according to the active matrix sub-
strate 20a of this embodiment and the liquid crystal display
panel 50 including the same, in the non-display region N, the
first signal lines 194 are symmetrically placed with respect to
the axis A orthogonal to the central portion of the edge of the
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display region D to extend in parallel from near the display
region D in the direction orthogonal to the edge of the display
region D while being spaced at the pitches P, then extend in
parallel in the direction that intersects the edge of the display
region D at the angle 0, and further extend to the mounting
region M in parallel in the direction orthogonal to the edge of
the display region D while being spaced at the pitches P,. In
the non-display region N, the second signal lines 195 adjacent
to the first signal lines 19« in the reference directions Ca and
Cb of the angle 0, extend in parallel from near the display
region D in the direction orthogonal to the edge of the display
region D while being spaced at the pitches P, then extend in
parallel in the direction that intersects the edge of the display
region D at the angle 0, subsequently extend in parallel in the
direction orthogonal to the edge of the display region D,
further extend in parallel in the direction that intersects the
edge of the display region D at the angle 0, and finally extend
to the mounting region M in parallel in the direction orthogo-
nal to the edge of the display region D while being spaced at
the pitches P,. The first connectors 6a are in a one-to-one
correspondence with the first signal lines 194, and are each
configured to connect the first wiring layer 165 to the second
wiring layer 145 along the direction orthogonal to the edge of
the display region D. The second connectors 65 are in a
one-to-one correspondence with the second signal lines 195,
and are each configured to connect the first wiring layer 165
to the second wiring layer 145 in the direction orthogonal to
the edge of the display region D. The pitch P, between each
adjacent pair of the second connectors 65 is greater than the
pitch P_between each adjacent pair of the first connectors 6a.
Here, increasing the pitch P ,can reduce the angle 6,, based on
the relational expression sin 8,=P /P, where P_ represents
the pitch between each adjacent pair of portions of the side-
by-side second signal lines 195 extending in parallel in the
direction that intersects the edge of the display region D at the
angle 0,. Since the pitch P, between each adjacent pair of the
second connectors 6 located outward of the first connectors
6a is, therefore, greater than the pitch P, between each adja-
cent pair of the first connectors 6a located inwardly of the
second connectors 6b, this can reduce the angle 0,, and
increase the degree of concentration of the second signal lines
195. This can reduce the increase in area where a group
including the first and second signal lines 19a and 195 is
routed, and therefore, even if the non-display region N
includes the connectors 6 (the first and second connectors 6a
and 6b) provided somewhere along the signal lines to change
the signal lines from the first wiring layers 165 to the second
wiring layers 145, the increase in area where the signal lines
are routed can be reduced. Furthermore, since the increase in
area where the first and second signal lines 194 and 195 are
routed can be reduced, an inexpensive small IC chip can be
mounted on the mounting region M, and the non-display
region N including the mounting region M can be reduced in
size to provide a narrower picture-frame.

According to the active matrix substrate 20a of this
embodiment and the liquid crystal display panel 50 including
the same, the pitch P, between each adjacent pair of portions
of the first and second signal lines 19a and 195 near the
display region D is equal to the pitch P, between each adja-
cent pair of the second connectors 65, and the pitch P,
between each adjacent pair of portions of the first and second
signal lines 194 and 195 near the mounting region M is equal
to the pitch P_ between each adjacent pair of the first connec-
tors 6a. Thus, the angles 0, and 6, formed by the direction of
extension of the second signal lines 196 are equal to each
other, and the second signal lines 196 each extend in a sub-
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stantially straight line. This can efficiently reduce the increase
in area where the second signal lines 195 are routed.

Furthermore, according to the active matrix substrate 20a
of this embodiment and the liquid crystal display panel 50
including the same, one of the first connectors 6a closest to
the second connectors 65 and one of the second connectors 64
closest to the one of the first connectors 6a are spaced at the
pitch P_, and the pitch P, is greater than the pitch P, and less
than the pitch P,,. This can provide a buffer region between a
group of the first connectors 6a spaced at the pitches P and a
group of the second connectors 65 spaced at the pitches P,.
The buffer region is configured to eliminate layout disadvan-
tages arising from the difference between the pitches.

Moreover, according to the active matrix substrate 20a of
this embodiment and the liquid crystal display panel 50
including the same, the first and second connectors 6a and 65
are arranged along the edge of the display region D to overlap
the side of the sealing material 45. This allows the side of the
sealing material 45 to protect the first and second connectors
6a and 65. Furthermore, in the active matrix substrate 20a, the
first and second wiring layers 165 and 145 are both located
under the protective insulating film 17 being in contact with
the sealing material 45. Thus, even with a great difference
between the thickness of each of the first wiring layers 165
and that of each of the second wiring layers 145, the height of
the surface of the protective insulating film 17 being in con-
tact with the sealing material 45 is uniform. This can reduce
variations in thickness of the liquid crystal layer 40, i.e.,
variations in cell thickness.

According to the active matrix substrate 20a of this
embodiment and the liquid crystal display panel 50 including
the same, the first and second signal lines 19a and 195 are
symmetrically placed with respect to the axis A orthogonal to
the central portion of the edge of the display region D. This
reduces the length of each of the first and second signal lines
194 and 195, and reduces the area where the first and second
signal lines 19a and 195 are routed.

Second Embodiment of the Disclosure

FIG. 11 is a plan view of an active matrix substrate 205 of
this embodiment corresponding to FIG. 7 described in the
first embodiment. Here, in the following embodiments, the
same characters as those in FIGS. 1-10 are used to represent
equivalent components, and the detailed explanation thereof
is omitted.

In the first embodiment, the active matrix substrate 20a that
does not include electrode features between each adjacent
pair of the second connectors 65 is exemplified. However, in
this embodiment, the active matrix substrate 205 including a
plurality of dummy electrode features 6¢ between each adja-
cent pair of second connectors 65 is exemplified.

As illustrated in FIG. 11, the configuration of the active
matrix substrate 205 is identical with that of the active matrix
substrate 20a except that a region of the active matrix sub-
strate 205 corresponding to the region Rd of the active matrix
substrate 20q of the first embodiment includes the island-like
electrode features 6¢ arranged between each adjacent pair of
the second connectors 65 along an edge of a display region D.
Here, the electrode features 6c¢ are made of a metal film
forming first wiring layers 165, a metal film forming second
wiring layers 145, or a stack of the metal films. While, in this
embodiment, the rectangular electrode features 6¢ are exem-
plified, the electrode features 6¢ may be, for example, in the
form of characters, such as alphanumeric characters indicat-
ing numbers attached to corresponding signal lines. Alterna-
tively, one of the electrode features 6¢ forming a geometrical
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shape may be located every predetermined number of the
electrode features 6¢, such as every ten electrode features 6c¢.

As described above, similarly to the first embodiment, the
active matrix substrate 205 of this embodiment can reduce the
increase in area where a group including the first and second
signal lines 194 and 1954 is routed, and therefore, even if a
non-display region N includes the connectors 6 (the first and
second connectors 6a and 65) provided somewhere along the
signal lines to change the signal lines from the first wiring
layers 164 to the second wiring layers 145, the increase in area
where the signal lines are routed can be reduced.

According to the active matrix substrate 205 of this
embodiment, the electrode features 6¢ are provided between
each adjacent pair of the second connectors 65, thereby
allowing the height of the surface of a protective insulating
film 17 being in contact with a sealing material 45 to be more
uniform.

Third Embodiment of the Disclosure

FIG. 12 is a plan view of an active matrix substrate 20c¢ of
this embodiment corresponding to FIG. 3 described in the
first embodiment.

In the first and second embodiments, the active matrix
substrates 20a and 205 in each of which a group of portions of
the first and second signal lines 19« in the mounting region M
includes a terminal group are exemplified. However, in this
embodiment, the active matrix substrate 20c¢ in which a group
of portions of a plurality of first signal lines 19ac and a
plurality of second signal lines 194 in a mounting region M
includes two terminal groups is exemplified.

As illustrated in FIG. 12, the configuration of the active
matrix substrate 20c is identical with that of the active matrix
substrate 20a of the first embodiment except that the active
matrix substrate 20c¢ has a non-display region N including the
first signal lines 19ac.

As illustrated in FIG. 12, the first signal lines 19ac include
a first line group and a second line group. The first line group
includes lines symmetrically placed preferably with respect
to an axis A orthogonal to a central portion of an edge of a
display region D (the lower edge Su in FIG. 12) to extend in
parallel from near the display region D in a direction orthogo-
nal to the edge of the display region D (the lower edge Su in
FIG. 12) while being spaced at pitches P,, then extend in
parallel in a direction that intersects the edge of the display
region D (the lower edge Su in FIG. 12) at an angle 6, (in a
direction away from the axis A in FIG. 12), and further extend
to the mounting region M in parallel in the direction orthogo-
nal to the edge of the display region D (the lower edge Su in
FIG. 12) while being spaced at pitches P,. The second line
group includes lines located laterally outward of the first line
group, and symmetrically placed with respect to the axis A
orthogonal to the central portion of the edge of the display
region D (the lower edge Su in FIG. 12) to extend in parallel
from near the display region D in the direction orthogonal to
the edge of the display region D (the lower edge Suin FIG. 12)
while being spaced at pitches P, then extend in parallel in the
direction that intersects the edge of the display region D (the
lower edge Suin FIG. 12) at the angle 6, (in a direction toward
the axis A), and further extend to the mounting region M in
parallel in the direction orthogonal to the edge of the display
region D (the lower edge Su in FI1G. 12) while being spaced at
pitches P,.

As illustrated in FIG. 12, in the mounting region M, termi-
nals of the first signal lines 19ac in the left portion of FIG. 12
and terminals of the second signal lines 195 in the left portion
of FIG. 12 form a first terminal group, and terminals of the
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first signal lines 19ac in the right portion of FIG. 12 and
terminals of the second signal lines 195 in the right portion of
FIG. 12 form a second terminal group. Here, an IC chip may
be mounted on a portion of the mounting region M corre-
sponding to each of the first and second terminal groups.

When the shapes of the first and second wiring layers 165
and 145 formed through the fabrication method described in
the first embodiment are changed, this allows the fabrication
of the active matrix substrate 20c of this embodiment.

As described above, similarly to the first and second
embodiments, the active matrix substrate 20c¢ of this embodi-
ment can reduce the increase in area where a group including
the first and second signal lines 194 and 195 is routed, and
therefore, even if the non-display region N includes connec-
tors 6 (first and second connectors 6a and 65) provided some-
where along the signal lines to change the signal lines from
the first wiring layers 164 to the second wiring layers 145, the
increase in area where the signal lines are routed can be
reduced.

Fourth Embodiment of the Invention

FIG. 13 is a plan view of an active matrix substrate 204 of
this embodiment corresponding to FIG. 3 described in the
first embodiment.

In each of the above embodiments, the active matrix sub-
strates 20a-20c¢ each including the column control circuit Sag
between the source signal lines 164 and the mounting region
M where an IC chip is mounted are exemplified. However, in
this embodiment, the active matrix substrate 204 that does not
include a column control circuit between source signal lines
164 and a mounting region Ma is exemplified.

As illustrated in FIG. 13, the configuration of the active
matrix substrate 204 is identical with that of the active matrix
substrate 20a of the first embodiment except that the active
matrix substrate 204 includes a plurality of source signal lines
16d provided in its display region D to extend in parallel in a
vertical direction in FIG. 13, and a plurality of video signal
lines 19¢ provided in its non-display region N. The video
signal lines 19¢ include first wiring layers 164 located in a
portion of the non-display region N near the display region D,
and second wiring layers 145 located in a portion of the
non-display region N near a mounting region Ma of the active
matrix substrate 20d. The first wiring layers 16d are each
connected to a corresponding one of the second wiring layers
145b. Here, the first wiring layers 164 of the video signal lines
19¢ are extensions of the source signal lines 164. While, in
this embodiment, the configuration in which the first wiring
layers 164 are the extensions of the source signal lines 16d is
exemplified, the first wiring layers of the video signal lines
19¢ may be formed in a layer different from a layer including
the source signal lines 164, and may be made of a material
different from that of the source signal lines 164.

Asillustrated in FIG. 13, the video signal lines 19¢ includes
a plurality of first signal lines 19aa, and a plurality of second
signal lines 19ba. The first signal lines 19aa are located
inwardly of the second signal lines 19ba, and the second
signal lines 19ba are located laterally outward of the first
signal lines 19aa.

As illustrated in FIG. 13, the first signal lines 19aa are
symmetrically placed preferably with respect to an axis A
orthogonal to a central portion of an edge ofthe display region
D (the lower edge Su in FIG. 13) to extend in parallel from
near the display region D in a direction orthogonal to the edge
of'the display region D (the lower edge Su in FIG. 13) while
being spaced at pitches P, then extend in parallel in a direc-
tion that intersects the edge of the display region D (the lower
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edge Su in FIG. 13) at an angle 6, and further extend to the
mounting region Ma in parallel in the direction orthogonal to
the edge of the display region D (the lower edge Suin FIG. 13)
while being spaced at pitches P,.

The first signal lines 19aa include a plurality of first con-
nectors (not shown) spaced at pitches P_, and each connecting
the first wiring layers 164 to the second wiring layers 145
along the direction orthogonal to the edge of the display
region D (the lower edge Su in FIG. 13). The first connectors
are in a one-to-one correspondence with the first signal lines
19aa. Here, the pitch P_between each adjacent pair of the first
connectors is equal to the pitch P, between each adjacent pair
of portions of the first signal lines 19aa in the mounting
region Ma or between each adjacent pair of portions of the
second signal lines 19ba therein.

As illustrated in FIG. 13, the second signal lines 19ba
extend in parallel from near the display region D in the direc-
tion orthogonal to the edge of the display region D (the lower
edge Su in FIG. 13) while being spaced at the pitches P, then
extend in parallel in the direction that intersects the edge of
the display region D (the lower edge Su in FIG. 13) at the
angle 0,, subsequently extend in parallel in the direction
orthogonal to the edge of the display region D (the lower edge
Su in FIG. 13), further extend in parallel in the direction that
intersects the edge of the display region D (the lower edge Su
in FIG. 13) at an angle 0,, and finally extend to the mounting
region Ma in parallel in the direction orthogonal to the edge of
the display region D (the lower edge Su in FIG. 13) while
being spaced at the pitches P,.

The second signal lines 195a include a plurality of second
connectors (not shown) spaced at pitches P, greater than the
pitch P_, and each connecting the first wiring layers 165 to the
second wiring layers 145 along the direction orthogonal to the
edge of the display region D (the lower edge Su in FIG. 13).
The second connectors are in a one-to-one correspondence
with the second signal lines 19ba. Here, the pitch P, between
each adjacent pair of the second connectors is equal to the
pitch P, between each adjacent pair of portions of the first
signal lines 19aa near the display region D or between each
adjacent pair of portions of the second signal lines 195a near
the display region D.

When the shapes of the source signal lines 16a and the first
wiring layers 165 formed through the fabrication method
described in the first embodiment are changed, this allows the
fabrication of the active matrix substrate 204 of this embodi-
ment.

As described above, similarly to each of the embodiments,
the active matrix substrate 204 of this embodiment can reduce
the increase in area where a group including the first and
second signal lines 19aa and 19baq is routed, and therefore,
even if the non-display region N includes the connectors
provided somewhere along the signal lines to change the
signal lines from the first wiring layers 165 to the second
wiring layers 145, the increase in area where the signal lines
are routed can be reduced.

Fifth Embodiment of the Disclosure

FIG. 14 is a plan view of an active matrix substrate 20e of
this embodiment.

In each of the above embodiments, the active matrix sub-
strates 20a-204d in each of which only end portions of the
source signal lines are routed are exemplified. However, in
this embodiment, an active matrix substrate 20e in which end
portions of gate signal lines are also routed is exemplified.

As illustrated in FIG. 14, the active matrix substrate 20e
has a non-display region N including a mounting region Ma
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which is provided along an edge of a display region D of the
active matrix substrate 20e (the lower edge Su in FIG. 14) to
correspond to a central portion of the edge, and on which an
IC chip configured to drive source signal lines 16d is
mounted, and a mounting region Mb which is provided along
another edge of the display region D (the right edge Srin FIG.
14) to correspond to a central portion of the another edge, and
on which an IC chip configured to drive gate signal lines 14d
is mounted.

As illustrated in FIG. 14, the configuration of the active
matrix substrate 20e is identical with that of the active matrix
substrate 204 of the fourth embodiment except that the active
matrix substrate 20e includes the gate signal lines 144 pro-
vided in the display region D to extend in parallel in a hori-
zontal direction in FIG. 14, and a plurality of scanning signal
lines 194 provided in the non-display region N. The scanning
signal lines 194 include first wiring layers 144 near the dis-
play region D, and second wiring layers 16e near the mount-
ing region Mb. The first wiring layers 144 are each connected
to a corresponding one of the second wiring layers 16e. Here,
the first wiring layers 144 of the scanning signal lines 194 are
extensions of the gate signal lines 14d. While, in this embodi-
ment, the configuration in which the first wiring layers 144
are the extensions of the gate signal lines 144 is exemplified,
the first wiring layers of the scanning signal lines 194 may be
formed in a layer different from a layer including the gate
signal lines 144, and may be made of a material different from
that of the gate signal lines 144.

As illustrated in FIG. 14, the scanning signal lines 194
include a plurality of first signal lines 19ab, and a plurality of
second signal lines 19bb. The first signal lines 19ab are
located inwardly of the second signal lines 19656, and the
second signal lines 1965 are located laterally outward of the
first signal lines 19aé.

As illustrated in FIG. 14, the first signal lines 19ab are
symmetrically placed preferably with respect to an axis B
orthogonal to a central portion of the another edge of the
display region D (the right edge Sr in FIG. 14) to extend in
parallel from near the display region D in a direction orthogo-
nal to the another edge of the display region D (the right edge
Srin FIG. 14) while being spaced at pitches P, then extend in
parallel in a direction that intersects the another edge of the
display region D (the right edge Srin FIG. 14) at an angle 8,
and further extend to the mounting region Mb in parallel in the
direction orthogonal to the another edge of the display region
D (the right edge Sr in FIG. 3) while being spaced at pitches
P,.
The first signal lines 19ab include a plurality of first con-
nectors (not shown) spaced at pitches P_, and each connecting
the first wiring layers 144 to the second wiring layers 16e
along the direction orthogonal to the another edge of the
display region D (the right edge Sr in FIG. 14). The first
connectors are in a one-to-one correspondence with the first
signal lines 19ab. Here, the pitch P_ between each adjacent
pair of the first connectors is equal to the pitch P, between
each adjacent pair of portions of the first signal lines 19ab in
the mounting region Mb or between each adjacent pair of
portions of the second signal lines 19565 therein.

As illustrated in FIG. 14, the second signal lines 1966
extend in parallel from near the display region D in the direc-
tion orthogonal to the another edge of the display region D
(the right edge Srin FIG. 14) while being spaced at the pitches
P, then extend in parallel in the direction that intersects the
another edge of the display region D (the right edge Srin FIG.
14) at the angle 0,, subsequently extend in parallel in the
direction orthogonal to the another edge of the display region
D (the right edge Sr in FIG. 14), further extend in parallel in
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the direction that intersects the another edge of the display
region D (the right edge Sr in FIG. 14) at an angle 0,, and
finally extend to the mounting region Mb in parallel in the
direction orthogonal to the another edge of the display region
D (the right edge Sr in FIG. 14) while being spaced at the
pitches P,.

The second signal lines 19565 include a plurality of second
connectors (not shown) spaced at pitches P, greater than the
pitch P_, and each connecting the first wiring layers 14d to the
second wiring layers 16e along the direction orthogonal to the
another edge of the display region D (the right edge Srin FIG.
14). The second connectors are in a one-to-one correspon-
dence with the second signal lines 1965. Here, the pitch P,
between each adjacent pair of the second connectors is equal
to the pitch P, between each adjacent pair of portions of the
first signal lines 19ab near the display region D or between
each adjacent pair of portions of the second signal lines 1965
near the display region D.

When the shapes of the gate signal lines 14¢, the source
signal lines 16a, and the first wiring layers 165 formed
through the fabrication method described in the first embodi-
ment are changed, this allows the fabrication of the active
matrix substrate 20e of this embodiment.

As described above, similarly to the above embodiments,
the active matrix substrate 20e of this embodiment can reduce
the increase in area where a group including the first and
second signal lines 19aa and 19ba toward a source and a
group including the first and second signal lines 19ab and
19bb toward a gate are routed, and therefore, even if the
non-display region N includes the connectors provided some-
where along corresponding ones of the signal lines to change
the corresponding ones of the signal lines from the first wiring
layers 164 to the second wiring layers 145, or the connectors
provided somewhere along corresponding ones of the signal
lines to change the corresponding ones of the signal lines
from the first wiring layers 144 to the second wiring layers
16e, the increase in area where the signal lines are routed can
be reduced.

While, in each of the embodiments, a liquid crystal display
panel is illustrated as a display panel, the present disclosure
can be practiced also with other display panels, such as an
organic electroluminescence (EL) display panel, an inorganic
EL display panel, a plasma display panel, and electronic
paper, and can be practiced with not only display panels for
mobile applications, which panels need to be reduced in size,
but also large screen display panels for monitors, such as
televisions and digital signage.

While, in each of the embodiments, an active matrix sub-
strate including, as a drain electrode, an electrode of a TFT
connected to a pixel electrode is exemplified, the present
disclosure can be practiced also with an active matrix sub-
strate including, as a source electrode, an electrode of a TFT
connected to a pixel electrode.

INDUSTRIAL APPLICABILITY

As described above, according to the present disclosure,
even if connectors are provided somewhere along signal lines
to change the signal lines from first wiring layers to second
wiring layers, the increase in area where the signal lines are
routed can be reduced. Thus, the present disclosure is useful
for general wiring boards in which a group of a plurality of
signal lines has a generally fan-shaped outline with one end
narrowed.
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DESCRIPTION OF REFERENCE CHARACTERS
A, B AXIS
D DISPLAY REGION

M, Ma, Mb MOUNTING REGION

N NON-DISPLAY REGION

5qa TFT (SWITCH CIRCUIT)

6a FIRST CONNECTOR

66 SECOND CONNECTOR

145 SECOND WIRING LAYER

144 FIRST WIRING LAYER

16a, 164 SOURCE SIGNAL LINE (DISPLAY SIGNAL
LINE)

165, 164 FIRST WIRING LAYER

16¢ SECOND WIRING LAYER

19, 19¢ VIDEO SIGNAL LINE

19a, 19aa, 19ab, 19ac FIRST SIGNAL LINE

195, 19ba, 1966 SECOND SIGNAL LINE

194 SCANNING SIGNAL LINE

20a-20¢ ACTIVE MATRIX SUBSTRATE

30 COUNTER SUBSTRATE

40 LIQUID CRYSTAL LAYER (DISPLAY MEDIUM
LAYER)

45 SEALING MATERIAL

50 LIQUID CRYSTAL DISPLAY PANEL

The invention claimed is:

1. An active matrix substrate comprising:

a rectangular display region configured to display an
image;

a non-display region defined around the rectangular dis-
play region;

a mounting region defined in a portion of the non-display
region along an edge of the display region;

a plurality of first signal lines provided in the non-display
region to extend in parallel from near the display region
in a direction orthogonal to the edge of the display region
while being spaced at a pitch P, then extend in parallel
in a direction that intersects the edge of the display
region at an angle 6, and further extend to the mounting
region in parallel in the direction orthogonal to the edge
of the display region while being spaced at a pitch P,;

a plurality of second signal lines provided in the non-
display region to be adjacent to the first signal lines in a
reference direction of the angle 0, extend in parallel
from near the display region in the direction orthogonal
to the edge of the display region while being spaced at
the pitch P, then extend in parallel in the direction that
intersects the edge of the display region at the angle 6,
subsequently extend in parallel in the direction orthogo-
nal to the edge of the display region, further extend in
parallel in a direction that intersects the edge of the
display region at an angle 0,, and finally extend to the
mounting region in parallel in the direction orthogonal
to the edge of the display region while being spaced at
the pitch P,;

aplurality of first wiring layers forming portions of the first
and second signal lines near the display region;

aplurality of second wiring layers that form portions of the
first and second signal lines near the mounting region,
are formed in a layer different from a layer including the
first wiring layers, and are made of a material different
from that of the first wiring layers;

a plurality of first connectors that are provided in the non-
display region so as to be spaced at a pitch P_, and are
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included in the first signal lines to connect correspond-
ing ones of the first wiring layers to corresponding ones
of the second wiring layers along the direction orthogo-
nal to the edge of the display region; and

a plurality of second connectors that are provided in the
non-display region to be adjacent to the first connectors
and so as to be spaced at a pitch P, greater than the pitch
P_, and are included in the second signal lines to connect
corresponding ones of the first wiring layers to corre-
sponding ones of the second wiring layers along the
direction orthogonal to the edge of the display region.

2. The active matrix substrate of claim 1, wherein

the pitch P, is equal to the pitch P, and

the pitch P, is equal to the pitch P,..

3. The active matrix substrate of claim 1, wherein

one of the first connectors closest to the second connectors
and one of the second connectors closest to the first
connectors are spaced at a pitch P,, and

the pitch P, is greater than the pitch P, and less than the
pitch P,,.

4. The active matrix substrate of claim 1, wherein

the first and second connectors are arranged along the edge
of the display region.

5. The active matrix substrate of claim 1, wherein

the display region includes a plurality of source signal lines
extending in parallel in the direction orthogonal to the
edge of the display region, and

the first and second signal lines are a plurality of video
signal lines each connected through a switch circuit to
some of the source signal lines that are equal in number
to colors forming a pixel.

6. The active matrix substrate of claim 1, wherein

the display region includes a plurality of display signal
lines extending in parallel in the direction orthogonal to
the edge of the display region, and

the first and second signal lines are each connected to a
corresponding one of the display signal lines.

7. The active matrix substrate of claim 6, wherein

the display signal lines are source signal lines.

8. The active matrix substrate of claim 1, wherein

the mounting region is defined in a portion of the non-
display region corresponding to a central portion of the
edge of the display region,

the first signal lines are symmetrically placed with respect
to an axis orthogonal to the central portion of the edge of
the display region, and

the second signal lines are located laterally outward of the
first signal lines.

9. A display panel comprising:

the active matrix substrate of claim 1;

a counter substrate facing the active matrix substrate; and

adisplay medium layer provided between the active matrix
substrate and the counter substrate.

10. The display panel of claim 9, wherein

the display medium layer is a liquid crystal layer.

11. The display panel of claim 10, wherein

a frame-shaped sealing material is provided between the
active matrix substrate and the counter substrate to
enclose the liquid crystal layer, and

the first and second connectors overlap a side of the sealing
material.



